Introduction: Prolonged fatigue is common among adults, yet only a small percentage of affected individuals seek medical attention. Following findings that complementary and alternative medicine can be effective strategies for improving fatigue, we evaluated the effect of an herbal tea regimen on prolonged fatigue.
INTRODUCTION
Prolonged fatigue represents persistent or repeated episodes of clinically unexplainable fatigue lasting between 1 and 6 months 1 ; it is prevalent in working populations and young adults. 2À4 Fatigue not only affects daily life, but is also detrimental to long-term health and quality of life. 4, 5 Several reports have described the efficacy of complementary and alternative medicine for reducing fatigue, 6 including herbal teas, which reportedly improve fatigue, sleep impairment, and anxiety. 7, 8 However, few studies have evaluated an herbal tea formulated in accordance with Traditional East Asian Medicine (TEAM).
We carried out a pilot study determined the effects of an herbal tea composed of three popular plants used in TEAM (Astragali Radix, Angelicae gigantis Radix, and Zizyphi Fructus) on prolonged fatigue and related symptoms and evaluated the feasibility for a sample calculation.
METHODS

Design and participants
This randomized clinical trial evaluated two parallel groups who underwent assessments at baseline, end of treatment (4 weeks), and follow-up (8 weeks; Fig. 1 ). Eligible participants were working adults (age: 35À44 years), with persistent or repetitive fatigue lasting 1À6 months and a score of at least 15 on the Chalder Fatigue Scale. 9 Participants who had primary sleep disorders, a diagnosis of depression, a history of fatigue-inducing conditions, had taken sleeping pills, antihistamines, or antidepressants in the past 2 weeks or medication to treat fatigue in the past month, and/or who worked night/ rotating shifts were excluded. Participants were randomly allocated to a tea (n = 20) or control (n = 20) group with a block size of 4. Five participants in the tea group were lost to follow-up.
The study was performed at the Kyung Hee University Korean Medical Center and was approved by the institutional review board (KHNMCOH 2015-10-004-002). Informed consent was obtained from all participants.
Intervention
The herbal tea, manufactured for the study by Tea Therapy, Ltd (Seoul, Korea), consisted of Astragali Radix (1200 mg, the root of Astragalus mongholicus Bunge, Korean Hwang-Gi), Angelicae gigantis Radix (900 mg, the root of Angelica gigas Nakai, Korean Dang-gui), and Zizyphi Fructus (900 mg, the fruit of Ziziphus jujuba var. inermis (Bunge) Rehder, Korean Daechu). Plants were selected based on a review of the TEAM theory and relevant literature. 10À12 The herbs were dried, roasted, comminuted into pellets, and sealed into tea bags containing 3 g of each herbal tea. The tea group drank the tea twice a day for 4 weeks. The control group received no intervention.
Outcomes
The primary outcome was fatigue severity, measured using the Chalder Fatigue Scale questionnaire, consisting of 11 items with four response options each. 13 The recommended cutoff score on the Chalder Fatigue Scale for distinguishing between chronic fatigue syndrome and a healthy state is 14.5.
9 Secondary outcomes were sleep quality, depression, and quality of life, measured using the Pittsburgh Sleep Quality Index, 14 Beck Depression Inventory, 15 and EQ-5D questionnaire, 16 respectively.
Statistical analyses
Based on the available literature, 17 we calculated a sample size of 20 in each group considering a dropout rate of 20%. Effectiveness outcomes were analyzed on an intention-to-treat basis including all randomized participants. Missing values were imputed via simple mean substitution using the mean value of the control group at each visit of the drop-outs. Between-and within-group differences in outcome variables were calculated using two-sample t-tests and a paired t-test, respectively. Statistical analyses were performed using SPSS 22.0 (IBM, Chicago, IL, USA); P < 0.05 was considered significant.
RESULTS
In the results, there were no significant between-group differences in sex, age, body mass index, and outcomes. Between-group comparisons were made at each visit; at 4 weeks, fatigue severity was significantly lower in the tea group vs. control group (twosample t-test, P = 0.009).
Within the tea group, using the paired t-tests, fatigue severity significantly decreased at 4 weeks (P < 0.001) and 8 weeks (P = 0.005) vs. baseline. A significant improvement in sleep quality vs. baseline was also observed at 4 weeks (P = 0.002) and 8 weeks (P = 0.026), and a significant improvement in depression was observed at 8 weeks (P = 0.029) vs. baseline. No significant improvements in quality of life were noted. Within the control group, no significant changes in outcome variables were found ( Table 1) .
The minimum sample size required for future study was identified as 18 participants per group for a 5% significance level and 80% power, based on between-group differences in the primary outcome.
FS: Chalder Fatigue Scale (score range: 0À33; higher scores indicate higher fatigue severity), PSQI: Pittsburgh Sleep Quality Index 
DISCUSSION
In this pilot randomized clinical trial, we found that an herbal tea regimen reduced fatigue severity. While it is difficult to draw generalized conclusions, this mirrors findings from a previous study that used Astragali Radix to treat individuals with chronic fatigue. 10 Furthermore, improvements in fatigue were maintained for 4 weeks after the intervention, suggesting that our herbal tea had lasting beneficial effects. However, the significant difference between the groups was not maintained at 8 weeks. Future studies should more closely evaluate the effects of herbal teas on fatigue by comparing with controls such as different herbal teas, warm water, or bitter grains.
Fatigue is accompanied by various physical and psychological symptoms, including sleep impairment and depression. 18 In the present study, herbal tea treatment improved sleep quality, in a pattern similar to that observed for improvements in fatigue. These results highlight the potential utility of herbal teas for treating sleep disturbances accompanying fatigue. Depression symptoms significantly decreased only at 8 weeks. Other studies of depression in subjects with fatigue have had different results. 19, 20 This study suggests that a longer follow-up period is needed to assess the effects of herbal teas in depression. No effect on quality of life was found, which could be because participants did not have chronic fatigue and had a good health status.
Further, the proportion of subjects lost to follow-up in the tea group was 25%, which is higher than the expected rate. Hence, caution is required in interpreting the results. This may have happened because the subjects were working adults in their 30s to 40s, it may have been difficult for them to take time off for follow-up observation. Similar results were seen in previous studies on working people, 21 and further efforts, such as a phone survey and online tool, may be required to decrease the dropout rate and encourage participation.
This study has limitations. First, the small sample size limits the study's statistical power. Second, the lack of blinding, due to the nature of the intervention, may have led to an overestimation of the intervention's effectiveness as the tea used in this study was unique in its color and flavor, which complicated placebo design for the control group. Finally, the contribution of each of the three plants to the observed efficacy cannot be determined.
CONCLUSION
In conclusion, larger-scale clinical trials should be conducted to substantiate the benefits of herbal tea for prolonged fatigue reported in the present pilot study, and to identify the mechanisms underlying its efficacy. y Within-group differences at 4-week and 8-week vs. baseline, calculated using a paired t-test. z Between-group differences, calculated using two-sample t-tests.
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